Novel pyrano [4,3-b]pyran-5-one derivatives have been obtained efficiently in a multicomponent domino cyclisation via the one-pot three-component reaction of aromatic aldehyde, 4-hydroxy-6-methyl-2-pyrone and N-methyl-1-(methylthio)-2-nitroethenamine in ethanol under microwave irradiation. The combined methods show excellent advantages such as higher yield, shorter reaction time and cleaner reaction, compared with conventional heating methods. The synthesized compounds are confirmed by 1 H NMR, 13 C NMR, IR and ESI-MS. 
Introduction
The pyranopyran derivatives are an important class of heterocycle with a wide range of biological properties. [1] [2] [3] [4] Moreover, they possess important medicinal properties, such as antiproliferative, 5 anti-inflammatory, 6 antiviral 7 and anticancer. 8 Some of the pyranopyran derivatives were reported to be used as the drugs, as shown in Figure 1 . [9] [10] [11] The development of new methodologies for the synthesis of pyranopyran is still a subject of considerable interest to synthetic and medicinal chemists. Consequently, a number of synthetic strategies for the construction of pyranopyran derivatives have been reported. [12] [13] [14] [15] [16] However, the conventional multistep methods for the preparation of complex compounds result in synthetic inefficiency and the generation of large amounts of wastes because of complicated synthetic operations including extraction and purification in every step. Furthermore, many preparations of these compounds require long reaction times, [17] [18] harsh reaction conditions, 19 and/or expensive catalysts or reagents. 20 With the increasing requirement for new compounds for drug discovery Figure 1 . Pyranopyran and chromene derivatives having biological activities. [9] [10] [11] The reactant N-methyl-1-(methylthio)-2-nitroethenamine (NMSM) contains four active sites with three functional groups on an ethene motif, as shown in Figure 2 . With a strongly electronwithdrawing nitro group, the nitroethylene substructure is a good Michael acceptor. The methylthio group is a good leaving group, and the methylamino group acts as electron donor, which makes the C2 a good Michael donor. Furthermore, So the compound of NMSM as an important reactant may cause the products more valuable as medical intermediate because the compound has two active groups of nitro and secondary amine compared with the other reactants. [27] [28] Overall, the ethylene moiety is a polarized push-pull alkene with C1 showing electrophilic character and C2 showing nucleophilic character. Accordingly, we aimed to carry out an efficient and facile synthesis of pyranopyran derivatives by one-pot MCRs under microwave irradiation in a domino reaction. In this paper we report that the three components of aromatic aldehydes (1), NMSM (2) and 4-hydroxy-6-methyl-2-pyrone (3) or 4-hydroxy-coumarin (5) can be used to produce novel pyranopyran derivatives (4, 6) in ethanol in the presence of ammonium acetate, as shown in Scheme 1. Besides, this synthesis followed the GAP chemistry (group-assisted-purification chemistry) [29] [30] [31] process, which can avoid traditional chromatography and recrystallization purifications. Pure products can be obtained by washing the solid of crude products with cold ethanol. The structures of the synthesized compounds are confirmed by 1 H NMR, 13 C NMR, IR and ESI-MS. 
Results and Discussion
In initial experiments to optimize the reaction conditions, we used 4-methoxybenzaldehyde (1i), NMSM (2) , and 4-hydroxy-6-methyl-2-pyrone (3) in ethanol at 80 o C under microwave irradiation, using different bases. The bases had a significant influence on the reaction results. When the reaction was conducted using different catalysts the reaction yields were widely variable. As shown in Table 1 , the reaction in the absence of catalyst furnished a very low yield of 4i (Table 1 , entry 1). And the reaction did not proceed in the presence of strong base (Table 1 , entry 2). Besides we noticed that the other bases failed to catalyze the reaction efficiently (Table  1, entries 3-7) . It was however gratifying to discover that ammonium acetate catalyzes the reaction in ethanol efficiently, affording a maximum yield (70%) of 4i (Table 1, entry 8) .
In the reaction, the microwave energy is another factor which affects the yield of 4i. Figure 3 indicates the relation between the yield of product 4i and the microwave irradiation power. The reaction was carried out under five different power settings: 100W, 200W, 300W, 400W, 500W. We find that the yield of 4i reached 61% when the microwave irradiation power was 100W, increasing to 70% when the microwave irradiation power was increased to 200W. However, if the power was higher than 200W the yield of product 4i fell. This result suggested that higher microwave energy could result in a number of by-products. Moreover, the target product was probably decomposed by the higher energy. Therefore, according to the above analysis, the most suitable power for this reaction is 200 W. In order to check the effect of the solvent on the reaction, various solvents were evaluated ( Table 2) . From an economical and environmental point of view, water was first screened as the reaction medium. But due to solubility problem, the yield of the reaction was very low (Table 2, entry 1). Next, organic solvents were screened as the reaction medium ( Table 2 , entries 2-5). It was found that the yield of compound 4i was much higher with ethyl alcohol as the solvent. Ethanol is relatively cheap, and environmentally friendly compared with other organic solvents. When microwave irradiation is employed, the irradiation time is another important parameter in reaction optimization. Figure 4 indicates the interaction between the yield of product 4i and the microwave irradiation time. We tested the effects of five different reaction times on the yield. As shown in the Figure 4 , the yield of 4i was speedily improved as the microwave irradiation time increased in the range from 1 min to 5 min, because microwave irradiation can cause molecules of the reactants to vibrate and so bring the reaction temperature to its optimal value in a short time. But when the irradiation time exceeded 5 min the yield of compound 4i decreased, either because by-products were formed or the product 4i was decomposed. So, the ideal microwave irradiation time under our conditions was 5 min.
With this result in hand, we went on to widen the scope of the methodology. Using the optimized reaction conditions, 4-hydroxycoumarin (5) was examined as a replacement for the 2-pyrone. The reactions proceeded well and gave good yields (Table 3 , entries [15] [16] [17] [18] . The results exhibit the scope and generality of the new three component cyclization with respect to a wide range of enol ketones and aldehyde substrates. As shown in Table 3 , the yields of the reaction were much higher and the reaction times were much less when compared with conventional heating. These results further indicated that the microwave irradiation synthesis is a very effective method of building heterocyclic structures. The structures of all new compounds 4a~4n and 6a~6d were fully confirmed by means of IR, 1 H NMR, 13 C NMR and HRMS measurements .
In order to know how the microwave irradiation promotes the reaction, taking into consideration the entire outcome, a possible reaction mechanism for the domino coupling is depicted in Scheme 2. 
Experimental Section
General. 1 H and 13 C NMR spectra were recorded at 400 and 100 MHz respectively on a Bruker AC-400 Avance spectrometer with DMSO-d6 as solvent and TMS as internal standard; J values were given in Hertz (Hz). IR spectra were recorded on a Thermo iS5 FT instrument (KBr pellet). High resolution mass spectra were operated on Aglient 6550 iFunnel Q-TOF. A single-mode Microwave reactor (MAS-II) was used for microwave-mediated reactions. Melting points were measured on X-4 digital display melting point meter. All of the reagents were purchased from chemical reagent Crop. in China and used without further purification. 
Supplementary Material
The materials of the structural characterization with of 1 H NMR, 13 C NMR and IR for this article are available online at the supplementary materials.
